Abstract-For the structural characteristics of Chinese NvShu character, by combining the basic idea in LLT local threshold algorithm and introducing the maximal betweenclass variance algorithm into local windows, an improved character segmentation algorithm based on local adaptive thresholding technique for Chinese NvShu documents was presented in this paper. Because of designing the corresponding correction parameters for the threshold and using secondary search mechanism, our proposed method could not only automatically obtain local threshold, but also avoid the loss of the character image information and improve the accuracy of the character image segmentation. Experimental results demonstrated its capability to reduce the effect of background noise, especially for Chinese NvShu character images with uneven illumination and low contrast.
I. INTRODUCTION
With the advent of the information age and the loss of ethnic diversity in Chinese minorities, the protections and rescue excavations for their language and cultures have become a hot topic in the computer science and other related fields by using the way of digital information. Chinese NvShu is the most gender-conscious language in the world, which is created and used only by women. Its italic writing system reflects women's collective wisdom at the cultural level. As the exclusive female language in the world, Chinese NvShu is divided by gender, which neither belong to any nationality nor rely on any religion. It has the important value to research on women's culture, human character, and the origin and development of human civilization [1] .
Currently, there exist many problems in the procedure of protecting the ancient literatures of Chinese NvShu because of corrosion aging and serious loss, so that it has important urgency and practical significance for rescue excavations on Chinese NvShu culture using the digital information technology. As one of key technologies in image processing, image segmentation is an important base of image understanding, image analysis and image recognition，which has attracted many attentions and is applied in a variety of corresponding fields [2] . During the heritance and transform of ancient literatures, there exist unavoidablly the degradation and damage in varying degrees because of its age and poor preservation, so that a stronger anti-noise capability and robustness should be required in the corresponding character image segmentation algorithms. Thus this provides the necessary foundation for the subsequent character recognition and other digital information processing.
Although there are a lot of works addressing how to implement image segmentation for objects of intrest, it is still a challenging problem in image processing. Image segmentation algorithms with various different types were proposed in the past years. Especially, those algorithms based on thresholding technique have been successfully applied in different fields due to its simple implementation process and lower computational complexity [3] . Depending on its range of action in the image, segmentation algorithms based on thresholding technique could be divided into global and local thresholding algorithms. Thresholds obtained in the global thresholding algorithms only could result from the pixel gray information of the whole image, but the correlation of gray information between adjacent pixels could not be considered in the grayscale image. Therefore, these algorithms is suitable for a kind of image included with the relatively clear difference between the target and the background, for example the maximum between-class variance algorithm is a classical image segmentation method based on global image information [4] . However, due to the influence of objective conditions and artificial actions, the problems about image color loss and degradation are common phenomena and cause uneven illumination and high noise for the character images in ancient literatures, which limit to a great extent the application of global thresholding algorithms. By using local gray information between adjacent pixels in grayscale image, thresholds in local thresholding algorithms could be obtained in each local regions according to certain algorithm rules [5, 6] . Kamel and Zhao [7] proposed LLT (Logical Level Technique) algorithm based on the local information of an image. Compared with other local thresholding algorithms, this algorithm has strong adaptability and high efficiency, but there exist two important parameters that need to be manually set on the basis of experience. Yang and Yan [8] developed the logical level technique and proposed a method which can adaptively calculate the threshold value, but the threshold is yet a global parameter. By utilizing multiple window sizes in the windows operation and the geometric features of blueprint images, an adaptive logical thresholding method was presented in [9] for the binarization of blueprint images. Ntirogiannis [10] proposed an adaptive logical level technique by guiding adaptive stroke width detection to identify locally the stroke width and introducing an adaptive local parameter to improve the overall performance. However, the calculated adaptively threshold value in the above improved algorithms is yet a global parameter, which leads to the limitation in these applications in low quality image.
For the structural characteristics of Chinese NvShu character, by combining the basic idea in LLT local threshold algorithm and introducing the maximal between-class variance algorithm into local windows, an improved character segmentation algorithm based on local adaptive thresholding technique for Chinese NvShu documents was presented in this paper. Because of designing the corresponding modify parameters for the threshold and using secondary search mechanism, our proposed method could not only automatically obtain local threshold, but also avoid the loss of the character image information and improve the accuracy of the character image segmentation. Experimental results demonstrated its capacity to reduce the effect of background noise, especially for Chinese NvShu character images with uneven illumination and low contrast.
The remainder of this paper is organized as follows: In Section 2, the basic principle of LLT algorithm is briefly introduced. The proposed method is described in Section 3. Experimental results and analyses are shown in Section 4, and the conclusion is presented in Section 5.
II. THE BASIC PRINCIPLE OF LLT ALGORITHM
Logical level technique proposed by Kamel and Zhao is developed on the basis of analysing integrated function algorithm [11] . It is based on the idea of comparing the gray level or its smoothed gray level of the processed pixel with some local averages in the neighborhoods about a few other neighboring pixels. The local averages are employed such that this method is not sensitive to noise.
We assumed that the range of the stroke width in a character image is set as [0, ] w , where w is the maximum stroke width. According to LLT algorithm, the distance between the processed pixel and the center of its neighboring window is the stroke width w , and the size of neighboring windows is (2 1) (2 1) ww    . Suppose that the gray value of a processed pixel G at coordinates ( , ) GG xy in an image is defined by a function ( , ) GG f x y , and the pixels ( 0,1, 2, ,7)
i Gi  shown in Fig. 1 are denoted as eight adjacent pixels in the neighborhood centered at pixel G . This algorithm processes each pixel by simultaneously comparing its gray level or its smoothed gray level with four local averages of the neighboring windows centered at four points (2) . The gray level of the processed pixel is compared with four symmetrical windows which are similar to the boundary restriction of a straight line of stroke width.
If the gray value of the center pixel G is less than that of the above four local averages at least T gray level, the pixel G is considered as a pixel included in the character region.
Mathematically, by setting
, this algorithm can be described as follows:
where ( 4) mod8 ,( 0,1, 2, ,7)
ii G G i   , the local average of in a neighboring windows is defined as:
Here, 1 and 0 represent character and background of the resulting binary image in (1) respectively. The global parameter T is a predetermined parameter, and is not good enough for images with changing background noise, because a global threshold is difficult or even impossible to be set for historical document images.
III. PROPOSED MODEL
In this section, a novel local adaptive thresholding method was proposed to implement Chinese NvShu character segmentation for the structural characteristics of Chinese NvShu character, which can automatically obtain local threshold, but also avoid the loss of the character image information and improve the accuracy and robustness of the character image segmentation. Furthermore, the implementation and parameter settings of our method are also described.
A. Structural Characteristics of Chinese NvShu Character
Chinese NvShu is the most gender-conscious language in the world, which is created and used only by women. Its italic writing system reflects women's collective wisdom at the cultural level. As the exclusive female language in the world, Chinese NvShu is divided by gender, which neither belong to any nationality nor rely on any religion. It is not only feature in the social function and historical heritage, but Chinese NvShu character is very distinctive [12] . Moreover, Chinese NvShu character is originated from Chinese character and has the varieties of Chinese Character, but it is simplified and improved in the process of its development, and has the following main features: 1) font overall tilt with the diamond structure; 2) dot strokes transformed from relatively short strokes; 3) the transformed neat lines strokes, only horizontal and vertical strokes with relatively short length could be retained, other strokes are transformed into oblique strokes with declining long lines. Moreover, stroke widths are transformed into the feature with uniform thickness. Therefore, strokes of Chinese Nvshu character only include four types, namely dot, vertical, oblique and arc, and its fonts are overall tilt with the diamond structure, which consist in unique characteristics of Chinese Nvshu character.
B. Nvshu Character Segmentation Based on Local Adaptive Thresholding Technique
From the basic principles of LLT algorithm, this technique processes each pixel by simultaneously comparing its gray level or its smoothed gray level ( , ) g x y with four local averages () i AVE G in the neighboring windows centered at four points i G , i G , in the neighbor-hood centered at pixel G are used as a basis for judgement of the characters to substitute for those pixels with symmetrical structure in traditional LLT algorithm, the improved algrithm could more conform to the structural characteristics of Chinese NvShu character.
Suppose that the maximum stroke width of characters in an image is denoted as w , the size of neighboring windows is (2 1) (2 1) ww    . By defining () i
LG as Eq. (3) and setting
, the corresponding logic expression ( , ) b x y in image character pixels could be described as:
In this paper, the secondary search mechanism was used in the implementation process of the proposed algorithm and shown in Fig. 2 . By setting two stroke width variables 1 w and 2 w , and assuming that the maximum stroke width of characters is 2 w and twice the width of 1 w , we have 2 ww  . As can be seen in Fig. 2 , if ( , ) 1 b x y  , the next pixel will be proceeded; if ( , ) 0 b x y  , we will replace the maximum stroke width of characters w with 1 w , then repeat the above process to implement the character segmentation again. By using the secondary search mechanism, we can effectively avoid missing the image information from the segmented characters, and further improve the accuracy of Chinese Nvshu character segmentation. In the implementation process of the LLT algorithm, the threshold T is a predetermined parameter, and the choice of its value directly affects the final character segmentation results. However, a single global threshold T is very difficult to meet the needs of different practical applications, especially the problem of image segmentation under complex background is difficult to deal with. Therefore, according to the distribution characteristic of pixel intensity in a current local window and using the maximal between-class variance algorithm, a local threshold could be obtained adaptively in the current local window.
Here, the local threshold chosen is true when images are in a dark background. Because the contrast between background and object in dark images is usually low, and the threshold should be consequently low. But it does not accord with cases that where the contrast between background and object can be low in bright images. In such cases, the calculated local threshold will be unreasonably large and give a false result. Furthermore, by introducing a correction parameter  to dynamically adjust the local threshold, the adaptability and robustness of the proposed algorithm is further improved.
Suppose that the threshold otsu T is a local threshold obtained adaptively in a current local window by using the maximal between-class variance algorithm, the threshold T could be dynamically adjusted by a correction parameter and calculated by:
where the value range of the parameter  is [0, 1] . Its value of the parameter in this paper is set to 0.5.
In addition, the stroke width in a character image determines the size of the processed local window, so this has a direct influence on the accuracy and timeconsuming. However, Chinese NvShu character has the structural characteristics with uniform thickness, which greatly reduces the influence from the character stroke width in the proposed algorithm and further improves the adaptability and accuracy.
C. Parameter Settings
The stroke width w is one of important parameters in the process of implementation, and has a direct influence on the accuracy and time-consuming. If the stroke width chosen is too large, excessive pixels are included in the local window, which could affect the accuracy of the algorithm. Conversely, if the stroke width chosen is too small, excessive local windows will appear, which leads to increase computational complexity and reduce computing speed. Usually, for the same Nvshu character image, the stroke width has a relatively constant range. Chinese NvShu character has uniform thickness because of its structural characteristics. Therefore, it is easy to estimate the stroke width in a given Chinese NvShu character image, which further improves the adaptability.
IV. EXPERIMENTS AND ANALYSIS
To examine the feasibility and robustness of our model, Chinese NvShu character images with different typical characteristics were selected in our experiments, such as high noise, uneven illumination and similar contrast. Compared with traditional OTSU method based on automatic threshold selection, the potential of our model was further demonstrated. In the following experiments, the stroke width w in a given Chinese NvShu character image was obtained by estimateing the maximum value of its stroke width, and local adaptive threshold T was automatically chosen according to local image features.
A. Nvshu Character Segmentation with Complex Noises
In this section, we studied the anti-noise capability of the proposed method and showed comparative results on two classical types of noise, namely Gaussian noise and speckle noise. Our method was compared against traditional OTSU method based on automatic threshold selection. All experiments were carried out on the same gray-level image by adding noises with different intensity shown in Fig. 3 . The three gray-level images shown in the first row of Fig.3 (a) -(c) were corrupted by Gaussian noise with zero mean and standard deviations ranging from 0.006, 0.008 and 0.01 respectively, while the three gray-level images shown in the first row of Fig. 3 (d) -(f) were corrupted by speckle noise defined as uniformly distributed random noise with zero mean and variance ranging from 0.02, 0.04 and 0.06 respectively. The second row of Fig. 3 (a) -(f) present the corresponding results from traditional OTSU method respectively. Results for Chinese NvShu character segmentation using our method were shown in the last row of Fig. 3(a)-(f) .
As can be seen from Fig. 3 , the traditional OTSU method suffered severe problems: they failed in images with high noise. Moreover, the worse results were shown with the increase of the noise strength. However, our method is robust to different types of noise with different intensity, and the perfect results could be successfully obtained as shown in Fig. 3 .
Furthermore, the accuracy measurements of Fig. 3 and Table I show that the proposed method copes quite well with the two types of noise and has capability to reduce the effect of background noise.
B. NvShu Character Segmentation with Uneven Illumination
In the next experiment two Chinese NvShu character images with uneven illumination shown in Fig. 4 were chosen to demonstrate the robustness of our method. As can be seen from Fig. 4(a)-(d) , the light distribution of the two images has the characteristics of high brightness in center region and low brightness in surrounding region, especially for the character image shown in Fig. 4(d) . The corresponding results using traditional OTSU method were presented in Fig. 4(b) -(e) respectively. Figure 4 (c)-(f) present the corresponding results using our method respectively. For the traditional OTSU method, only the center region was obtained, while the characters near the surrounding region were not segmented. However, our Experimental results further demonstrated its capability to overcome the effect of uneven illumination on character image segmentation.
C. NvShu Character Segmentation with Low Contrast
Two NvShu character images with low contrast shown in Fig.5 were chosen in our experiments. Meanwhile, the characters shown in Fig. 5(a) have different stroke widths, while Fig. 5(d) has yet the high noises and uneven illumination. The corresponding results using the traditional OTSU method were presented in Fig. 5(b) -(e) respectively. Figure 5 (c)-(f) present the corresponding results using our method. As can be seen from Fig. 5 , the satisfying segmented characters can be obtained by using the proposed method compared with the traditional OTSU method. It has been further demonstrated that our method has the capability to reduce noise sensitivity and overcome the problem of character segmentation with uneven illumination and low contrast.
V. CONCLUSIONS
In this paper, a novel local adaptive thresholding method was proposed to implement Chinese NvShu character segmentation for the structural characteristics of Chinese NvShu character. By introducing the maximal between-class variance algorithm into local windows and using secondary search mechanism, the proposed method could not only automatically obtain local threshold, but also avoid the loss of the character image information and improve the accuracy of the character image segmentation. Experimental results demonstrated its capability to reduce noise sensitivity and improve the robustness, especially for Chinese NvShu character images with uneven illumination and low contrast.
